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VANDEBROEK, I., AND F. O. ODBERG. Effect of apomorphine on the conflict-induced jumping stereotypy in bank
voles. PHARMACOL. BIOCHEM. BEHAV.57(4) 863-868,1997.—In conventional laboratory cages, bank voles (Clethriono-
mys glareolus) develop a jumping up-and-down stereotypy already before the age of one month. Central DA systems are
thought to be involved in the expression of these conflict-induced stereotypies (CIS). Stereotypies can also be elicited
pharmacologically, most commonly by amphetamine and apomorphine. Hence, administration of apomorphine to jumping
bank voles provides the opportunity to compare pharmacologically-induced stereotypies (PHIS) and CIS in that species. A
pilot study showed that apomorphine induced stereotyped licking that is qualitatively different from the CIS elicited by
captivity. The present study investigated whether apomorphine has an effect on CIS-levels. The lowest dose (0.625 mg/kg)
did not elicit licking but neither influenced jumping levels. Higher doses (0.938 and 1.094 mg/kg) lead to the occurence of
licking but also suppressed CIS-levels. However, the discordance in time profiles of licking and jumping argues against a
shift from jumping to licking due to further stimulation of already activated DA systems. Therefore, expression of jumping

seems to depend on stimulation of other DA receptor subtypes or jumping may even be DA independent.
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STEREOTYPIES are characterized by a relatively invariant
pattern, a regular repetition and apparent uselessness (16,20).
According to the eliciting conditions they can be divided in
pharmacologically-induced stereotypies (PHIS), conflict-
induced stereotypies (CIS) and stereotypies that result from
mental illness and some neurological disorders or trauma (24).

Inrats and mice, PHIS are manifested as repetitive sniffing,
licking, gnawing and limb movements (e.g. 1,3,4,9,28). PHIS
are observed, amongst others, after administration of psycho-
motor stimulant drugs, such as apomorphine and amphet-
amine. When applied to animals, they are frequently used as
amodel for human psychiatric disorders, e.g. the amphetamine
model for schizofrenia (22). It has been suggested that PHIS
are mediated essentially by cerebral dopaminergic systems
(7,23,26) although they can be elicited by drugs affecting other
transmitter systems (for a review see 23).

Typical examples of CIS include chain-chewing in tethered
sows, Sus scrofa domestica (5), spot-pecking in restricted-fed
broiler breeders (25) and stereotyped walking in zoo-housed

polar bears (33). Captive animals develop CIS in environments
that are inadequate with regard to their species-specific needs.
Captive bank voles (Clethrionomys glareolus) also frequently
develop a characteristic jumping up-and-down stereotypy
when raised in barren cages (population daily average number
of jumps (n = 150): 6585; range: 3-45698 (18), already before
the age of 1 month. The more active voles tend to show higher
CIS-levels and vice versa, while voles that stop performing
CIS also become less active in general (18,19).

It has been discussed before that CIS, as compared to
PHIS, are a better functional animal model for studying similar
symptoms in human psychoses and for the screening of poten-
tial psychotropic drugs (18,21). Furthermore, the use of CIS
as welfare indicators to evaluate zootechnical life conditions
of wild and domestic animals in captivity has been advocated
by some authors (2,32). Others agree about their value as
indicators, but point out that little is known about the extent
of suffering as such (6,13).

The neurochemical mechanisms underlying CIS have not
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been as extensively studied as those of PHIS, probably because
it is difficult to induce CIS in rats and most mouse strains
(17,27). CIS in voles also seem to be mediated by cerebral
dopaminergic systems (21). Furthermore, and even more im-
portant, the underlying neurochemical mechanism of those
CIS appears to go through a developmental proces which
enables to distinguish CIS younger than 4 months (developing
stereotypies) from CIS older than 6 months (established ste-
reotypies) (11).

Inview of the possible involvement of cerebral DA systems,
some authors reported increased CIS-levels after administra-
tion of dopamine agonists: d-amphetamine on rhythmic ste-
reotypies in restriction reared chimpanzees (8), on route-trac-
ing in caged canaries (10) and bromocriptine in high doses on
object pecking in broiler breeders subjected to food restriction
(12). Also, apomorphine administered to dogs provoked a
stereotypy that resembled the CIS that develops under inade-
quate management conditions (15). However, previous work
on CIS in voles (17) has shown that 2.50 and 1.25 mg/kg
apomorphine elicited agitation and stereotyped licking (PHIS)
while the jumping up-and-down stereotypy (CIS) was inhib-
ited. The present study investigates whether the expression
of PHIS or CIS depends solely upon the dose used or whether
only PHIS are promoted by apomorphine. Therefore, a series
of three doses of apomorphine lower than 1.25 mg/kg was
tested.

MATERIALS AND METHODS

Animals

One male and one female were put together in transparent
Makrolon cages (KOMECO type 375) with sawdust bedding
filled with hay. After =10 days the male was removed. Cotton
wool was provided a few days before birth as nest material.
All pups were born and bred in the same cage. At weaning
(21 days), they were housed individually in similar but smaller
cages (type 272) with sawdust bedding. Rodent pellets (Mura-
con G, Trouw, Belgium) and water were always available ad
lib. The colony room was lit from 0900 until 2100 h. All voles
used were older than 6 months (established stereotypies).

An example of the polyphasic activity cycle of bank voles
isshown in Fig. 1. Peaks of activity lasting 1 to 4 h are separated
by inactive periods of 1 to 6 h. The largest part of such peaks
consists of CIS in stereotyping voles. Peaks can shift daily.
They tend to be higher in the dark period. There is a consider-
able degree of inter- and intra-individual variation in duration
of the active and inactive periods (18). The drug was adminis-
tered when the natural activity level was subsiding and nearing
its minimum level, hereby avoiding the possibility that in-
creased CIS-levels were the consequence of the rising natural
activity rather than apomorphine administration.

Drugs

Apomorphine hydrochloride (Federa, Brussels, Belgium)
was diluted in NaCl 0.9% (w/v). Saline and drug solutions were
pressure-sterilized (0.45 mm Sleicher & Schull membrane filter
with a polysulfone membrane; Gelman Sciences, Michigan,
USA). The solutions were administered SC (0.05 ml/10 g body
weight) in the neck area.

Experimental Protocol

Detection of stereotyping and non-stereotyping voles. Ten
stereotyping voles (age range 7-17 months) were selected from
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the colony by behavioural electronicrecording and subsequent
visual confirmation (18). The number of daily jumps was
counted by photo-cells, while a general activity meter, posi-
tioned underneath each cage, registered all movements of each
vole and allowed the monitoring of the activity rhythm. The
height of the photo-cells discriminated between rearing and
stereotyped jumping up-and-down. Other stereotypies than
jumping can be electronically detected because they are ac-
companied by high general activity levels. Stereotyping and
non-stereotyping individuals were defined as animals showing
a daily average of more than 1000 and less than 500 photo-
cell counts, respectively.

Experimental procedure. Apomorphine (0.625, 0.938 and
1.094 mg/kg) was administered in increasing dose to each
animal. Due to the shift in the individual activity peaks, mini-
mum one and maximum six days elapsed between the different
doses. Because of the large inter-individual variability in ste-
reotypy-level, a paired experimental set-up was chosen. Per
observation session, two animals were injected blind, vole
one with drug solution and vole two with saline and this was
reversed 24 h later. The observation schedule is as follows:
vole two is injected 2.5 min after vole one. Both voles are
alternately observed during 2 min every 5 min for a total of
42 min (8 observation units for each vole until the end of the
session). Maximum 4 pairs were tested daily, between 10 and
20 h.

Behavioural recording. The voles were visually observed
with a Psion Organiser II LZ64 pocket computer loaded with
the software packet “The Observer 2.0” (Noldus Information
Technology, Wageningen, The Netherlands). An ethogram
was generated including the following 11 behaviours (for a
detailed description, except agitation and licking, see 18,19):
1. stereotyping: jumping up-and-down; 2. rearing; 3. grooming;
4. eating; 5. drinking; 6. sleeping; 7. immobility; 8. walking
around while sniffing; 9. other behaviours: digging, gnawing,
hanging and rooting; 10. agitation; 11. licking.

Agitation and licking are two behaviours induced in voles
by apomorpine. Agitation is defined as spontaneously making
wild jumps and/or nervously running throughout the cage,
without pausing to sniff; licking as pulling the tongue fast in
and out, eventually against an object.

Observation took place through a peep-hole (30 cm L X
3 cm W) in a wooden screen hiding the observer from the
animals.

Data Analysis

Data are presented as the mean percentage of time each
behavioural category was performed during a 2 min observa-
tion unit = SEM (n = 10 individuals). Dose (0, 0.625, 0.938
and 1.094 mg/kg) and time (8 units: 5, 10, 15, 20, 25, 30, 35
and 40 min after injection) effects were investigated with a
one-way ANOVA forrepeated measures followed by post-hoc
Student-Newman-Keuls test for multiple comparisons (« set at
0.05).

For the dose effect, mean values for the whole observation
session and for the first and second 20 min post injection were
calculated for each individual. ANOVA tests were always run
on the raw data with three exceptions (immobility and walking
during the second and licking during the first 20 min post-
injection period), since normality testing failed. In those three
cases transformation was applied prior to testing (log transfor-
mation for immobility and walking and square root transfor-
mation for licking; p-values for normality after transformation
were 0.137, 0.056 and 0.056 respectively). Equal variance test-
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FIG. 1. A representative example of the polyphasic activity cycle of the bank vole. The time course
of activity levels of one vole was recorded during four successive days by a general activity meter

positioned underneath its cage.

ing never failed. The three saline sessions were pooled during
further analysis since comparison revealed no significant dif-
ferences for any of the behavioural measures.

For the time effect, square root transformation was per-
formed on the raw data of the 8 observation units prior to
testing.

Finally, Pearson product moment correlations were com-
puted to examine the relation between the individual CIS-
levels and the effect of each dose of apomorphine (expressed
as the percentage decrease of CIS-levels relative to control
values). The former was calculated as the mean percentage of
time engaged in performing CIS during the entire observation
session after injection with saline (average of the three con-
trols). The effect of apomorphine was analysed for the whole
session and for the first and the last 20 min. Two individuals
had to be excluded from the latter test since they unexpectedly
presented a very low CIS-level during the observations (2 and
3% respectively).

RESULTS
Effect of Apomorphine on CIS

Figure 2 shows the time course of CIS-levels after injection
with saline or apomorphine. After each dose of apomorphine,
there was an initial decrease of CIS-levels during the first 15
min, followed by a recovery to control levels (0.625 mg/kg),
asustained lower level (0.938 mg/kg) or a further partial inhibi-
tion (1.094 mg/kg). There was a time effect after 1.094 mg/kg
(F = 3.03; p = 0.008), but not at lower doses (F = 0.540;
p = 0.801 and F = 1.07; p = 0.394 for 0.625 and 0.938 mg/
kg, respectively).

Table 1 summarizes the mean percentage of time voles
spent performing the different behaviours after administration
of saline or apomorphine during the whole observation and
the session split into the first and the last 20 min. Behaviours

that were not observed frequently enough for statistical analy-
sis are not shown. This table reveals that up to 20 min after
injection overall CIS-levels after apomorphine tend to be
lower than the control values, although never significantly
(F = 1.43; p = 0.255). However, during the last 20 min of the
session, there is a dose-response relationship with increasing
doses of apomorphine showing a greater inhibiting effect on
CIS-levels (F = 8.30; p = 0.001). No correlation was found
between basal CIS levels and the extent of apomorphine-
induced inhibition of these CIS, except at the highest dose
and only during the last 20 min (r = 0.768; p = 0.026).

PHIS Induced by Apomorphine

Licking was negligible after saline and 0.625 mg/kg apomor-
phine, but significantly increased after 1.094 mg/kg during the
first 20 min (Table 1) (F = 3.37, p = 0.033).
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FIG. 2. Time course of the average CIS-level after injection with
saline and the three doses of apomorphine (mg/kg) (n = 10).
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TABLE 1

MEAN PERCENTAGE OF TIME * SEM ENGAGED
IN DIFFERENT BEHAVIOURAL CATEGORIES
AFTER INJECTION WITH SALINE AND THREE DOSES
OF APOMORPHINE (n = 10)

Behaviour Dose

(mg/kg) Total First 20 Last 20
CIS
Saline 313+ 74 31.6 = 8.0 31.0 =72
0.625 263 £ 6.0 22.8 = 6.8 298 = 74
0.938 18.8 £ 5.5¢ 223+ 74 15.3 + 4.6*°
1.094 132 + 320 21.6 = 6.3 4.8 + 1.8
Licking
Saline 0.1 £0.0 0.1 =% 0.1 0.0 = 0.0
0.625 04+ 0.3 0.1 x0.1 0.0 = 0.0
0.938 2321 46 = 4.1 0.0 = 0.0
1.094 30£13 5.6 £ 2.5% 03 =02
Walk and sniff
Saline 123 = 1.3 141 = 1.7 10.0 = 1.3
0.625 19.4 = 1.32 234 *+ 2.3 15.5 £ 3.0
0.938 19.7 = 2.3* 30.5 = 3.6 88 =21
1.094 23.8 £ 2.6" 36.1 = 3.8 11.4 = 2.0
Rearing
Saline 78 £13 79+ 12 77+ 14
0.625 8.7 +09 10.1 £ 1.3 73+ 1.1
0.938 91 %15 123 £ 1.8 6.0 £ 1.6
1.094 101 = 1.2 15.3 = 1.5%° 48 = 1.1
Grooming
Saline 162 = 1.8 165 = 2.3 159 + 23
0.625 113 =22 129 £ 32 9.6 =25
0.938 143 = 1.8 185 £ 24 10.0 £ 3.3
1.094 141 =23 104 =29 178 £23
Immobility
Saline 19.7 = 4.3 234 *+ 5.6 16.0 * 3.6
0.625 25.6 £ 4.6 223 = 5.8 289 *+ 6.8
0.938 183 £33 62 * 1.7 30.6 = 5.7
1.094 153 = 2.4° 2.8 = 1.1*° 27.8 = 4.3
Eating
Saline 29 +£1.0 1.3 £09 46 = 1.8
0.625 1.5+ 08 0.8 £0.8 2212
0.938 41 x£21 04 =03 7.7 = 4.1
1.094 7.3 + 2.2 04 =03 142 = 4.420

ip < 0.05 versus control. °p < 0.05 versus 0.625 mg/kg.

Effect of Apomorphine on Other Behaviours

First half of the session. Walking around while sniffing was
the only behaviour that was significantly increased by 0.625
mg/kg, other measured behaviours were unaffected (Table 1).
Higher doses had a more pronounced effect: walking and
rearing were dose-dependently increased, while immobility
was dose-dependently decreased. Grooming was unaffected.
Agitation was rare and observed exclusively during the first
20 min in 2, 3 and 4 out of ten animals with increasing doses
(average values were 2.0, 5.0 and 4.2 s, respectively).

Last half of the session. After 0.625 mg/kg, immobility was
the only behaviour affected. It was increased by 80% as com-
pared to saline. This behaviour was increased to the same
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extent with higher doses. Walking around while sniffing, rear-
ing and grooming were unaffected. Eating was significantly
increased by the highest dose (F = 5.14; p = 0.006) (Table 1).

DISCUSSION

Data from a previous experiment (17) showed that levels
of stereotyped jumping up-and-down (CIS) in voles were not
increased with 2.50 and 1.25 mg/kg apomorphine. On the con-
trary, these doses inhibited CIS and induced stereotyped lick-
ing (PHIS) and agitation. We wondered whether CIS-levels
could be increased by doses that did not yet elicit this oral
stereotypy. Therefore, this study investigated the acute effect
of doses lower than 1.25 mg/kg on CIS-levels of bank voles.

The present results demonstrate that after administration
of 0.625 mg/kg apomorphine licking and agitation were not
induced, nor was there an effect on CIS-levels. After 0.938 and
1.094 mg/kg, CIS-levels initially tended to decrease relative to
controls and licking was scantily induced. This lower CIS-
level was either sustained (0.938 mg/kg) or further partially
inhibited (1.094 mg/kg) during the second 20 min post-injec-
tion period.

These results are in agreement with a study in pigs, in which
the effects of different doses of apomorphine (0-1.0 mg/kg) were
compared. The behavioural syndrome elicited by apomorphine
differed qualitatively from the CIS expressed by this species
under restrictive feeding and housing conditions (29). Further-
more, levels of PHIS elicited by a standard dose of amphet-
amine before a period of physical restraint and restrictive
feeding were negatively correlated with levels of CIS that
developed during the restrictive housing treatment (30).

There is the question of whether pharmacological stimula-
tion of DA receptors with apomorphine has additive effects
on the behaviour of jumping voles. It is known that some
behaviours are associated with the performance of CIS. Stere-
otyping voles show lower levels of immobility and higher levels
of walking and rearing as compared to non-stereotyping ones.
Intra-individually, walking and rearing decrease and immobil-
ity increases when stereotyping voles stop performing their
CIS (19). In the present study, the lowest dose of apomorphine
stimulated walking during the first 20 min after injection.
Higher doses increased rearing as well as walking, decreased
immobility and induced scantily stereotyped licking. Thus, in
spite of the activation by apomorphine of behavioural patterns
which are normally associated with the performance of CIS
in drug-free voles, stereotyped licking was promoted instead
of jumping. One could wonder whether this is due to the fact
that licking represents a higher hierarchical level than jumping
regarding dopaminergic activity, as has been demonstrated in
the rat (9): increasing doses of apomorphine resulted in a shift
from sniffing to licking and subsequently to gnawing. However,
in the present study, licking was dose-dependently induced
and the 30% decrease in CIS-levels was not significantly differ-
ent from controls in the first 20 min. A dose-dependent de-
crease in jumping only occured during the last 20 min. There-
fore, the discordance in time profiles between licking and
jumping argues against a reduction of jumping due to a shift
to licking.

It is also unlikely that general sedation is the cause of the
dose-dependent decrease in CIS-levels during the last 20 min.
Inhibition of stereotypies, measured as percentage of time,
must inevitably be reflected by increases elsewhere. However,
there is little evidence in this experiment to suggest general
inhibition because other forms of motor activity, such as walk-
ing and rearing, were unaffected. Moreover, although immo-
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bility was significantly increased as compared to saline, there
was no dose-dependent elevation of this increase. Further-
more, levels of immobility were already significantly elevated
after the lowest dose while no effect on jumping levels was
observed. The only other behaviour that is significantly in-
creased during the last 20 min is eating. However, this does
not explain the significant decrease in jumping levels at the
intermediate dose since eating is only significantly increased
after the highest dose. Therefore, jumping is probably not
decreased due to behavioural competition with eating.

Two explanations can be put forward. First, since apomor-
phine has a different affinity and selectivity for the different
subclasses of DA receptors than DA it may be possible that
jumping depends upon stimulation of other DA receptor sub-
types than those that are activated by apomorphine. Focusing
on dopamine receptor subtypes, as has been done for PHIS
(31) and for oral CIS in restricted-fed fowls (12), will allow
perhaps to distinguish between PHIS and some types of CIS
on the one hand and provide new insights in the neurobio-
chemical mechanisms underlying different types of CIS on the
other. In addition, in vivo microdialysis sampling in dopamine
containing brain loci of respectively stereotyping and non-
stereotyping bank voles could clarify the contribution of the
different dopaminergic pathways in the jumping stereotypy.

Alternatively, it may be true that the expression of captiv-
ity-induced jumping is DA independent. Indeed, the fact that
average daily CIS-levels were increased, partially inhibited
and unaffected by repeated administration of respectively
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L-DOPA, a-methyl-para-tyrosine (a tyrosine-hydroxylase in-
hibitor) and fusaric acid (a potent noncompetitive inhibitor
of dopamine-B-hydroxylase) (21) does not rule out this possi-
bility. Interestingly, although repeated administration of 0.2
mg/kg haloperidol, a predominantly D,-antagonist that is also
known to inhibit DA-agonist induced stereotypies (14), was
able to selectively decrease average daily jumping levels (11),
the same dose failed to do so in an acute experiment (17).
However, this sole observation is not sufficient to confirm the
hypothesis of DA-independence. Conducting acute experi-
ments with various selective DA-antagonists and with irrevers-
ible DA-blockade would therefore be an important follow-up.
In summary, the results of the present study show that
levels of stereotyped jumping up-and-down induced by a re-
strictive and monotonous environment (CIS) in bank voles
cannot be increased by apomorphine. A dose that does not
yet elicit stereotyped licking (PHIS) has no effect on CIS-
levels, while gradually increasing the dose leads to the oc-
curence of PHIS. These results seem to suggest that other
subtypes of DA-receptors are involved in the expression of
jumping or that jumping may even be DA-independent.
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